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ABSTRACT. Susceptibilities of adults from newly established colonies of Culex salinarius from New Jersey
and Texas to commonly used mosquito adulticides were assessed using the insecticide-coated vial bioassay
technique. Females from both colonies were similar in their susceptibilities to naled, chlorpyrifos, resmethrin,
and permethrin. However, females from the New Jersey colony (established from collections made in Cape May
County, NJ) were found to be 9 times more tolerant to malathion than were those from the Texas colony
(established from collections made in Chambers County, TX), with median lethal concentration values for
malathion tested against these 2 colonies of 0.70 and 0.08 pg malathion/vial, respectively. The differences
between these 2 colonies with respect to their tolerances to malathion may be a product of the age of each
colony at the time assessments were made and/or the degree to which the parent stock used to start each colony
was previously exposed to malathion in the field.
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Culex salinarius Coq., a major nuisance mos-
quito in the eastern one half of the United States,
has been implicated as a possible vector of St. Lou-
is encephalitis virus (Clark et al. 1977). Thus, not
only are new ways to more effectively manage this
pest mosquito necessary, but also ways are needed
to monitor the effectiveness of the current control
tactics used against it. Mosquito abatement pro-
grams generally attempt to target both the larval
and adult stages of mosquito populations to be con-
trolled. However, the current control strategy for
Cx. salinarius, particularly as it occurs in the rice-
growing coastal region of southeastern Texas, rests
almost entirely on the use of effective chemicals
against adult populations. The chemical adulticides
are most commonly applied at ultra-low volume
(ULV) rates (3 oz. aative ingredient or less per
acre) by truck-mounted, cold aerosol ground units
or by aircraft against adult Cr. salinarius popula-
tions just as they are emerging or as they migrate
from their larval development sites toward more
human-populated areas. This one-dimensional ap-
proach to controlling problems associated with Cx.
salinarius makes it imperative that the chemical ad-
ulticides being used against this mosquito species
are the most effective ones available and that the
effectiveness of these chemicals be preserved.
I This study was conducted in cooperation with the U.S.
Department of Agriculture (USDA), Agricultural Re-
search Service, as part of USDA, Cooperative State Re-
search, Education, and Extension Service (CSREES)
Southern Regional Project 5-260 involving State Agricul-
tural Experiment Station personnel in Arkansas, Califor-
nia, Illinois, Louisiana, Mississippi, and Texas.
2 Department of Entomology, Texas A&M University,
College Station, TX 77843-2475.
3 Present address: Department of Parasitology, Faculty
of Medicine, Chiang Mai University, Chiang Mai 50200,
Thailand.
a Department of Biology, Baylor University, Waco, TX
76798J388.
Until now, no in-depth laboratory studies have
been conducted on the various adulticides currently
available for use against mosquitoes as to their rel-
ative effectiveness against Cx. salinarius adults be-
cause of the difficulty in rearing this species under
laboratory conditions. However, laboratory colo-
nies of Cx. salinarius were recently established at
Texas A&M University using wild mosquito stock
collected from Cape May County, NJ, and the U.S.
Fish and Wildlife Service's (USFWS) Anahuac
Wildlife Refuge in Chambers County, TX. The es-
tablishment of these colonies made it possible for
us to determine some baselines of susceptibility for
Cx. salinariur to the adulticidal agents most com-
monly used against this species in the United
States.
Mosquito adulticide susceptibility tests were con-
ducted on 3- to 4-day-old females from the 2 C.r.
salinarius colonies using the insecticide-coated vial
bioassay technique of Plapp (L971). The females
used in these bioassays were obtained from the 1lth
laboratory generation of the Texas colony and the
2nd laboratory generation of the New Jersey colony
of Cx. salinarius established at Texas A&M Uni-
versity. Methods used in establishing and maintain-
ing these colonies will be the subject of a subse-
quent paper. The 5 currently labeled adulticides
included in the bioassays were malathion, naled,
chlorpyrifos, resmethrin, and permethrin. Each
technical grade insecticide was serially diluted with
acetone to the appropriate concentrations. The in-
secticide dilutions were pipetted into 20-ml glass
scintillation vials (5 vials/concentration/mosquito
strain) and, if necessary, acetone was added to
bring the total volume to 0.5 ml of liquid being
placed into each vial. Only acetone (0.5 mUvial)
was placed in the control vials (5 vials/insecticide/
mosquito strain). After adding the acetone solu-
tions, all vials were placed on their sides and rolled
manually until the solvent completely evaporated
leaving the insecticide residue (when present) even-
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' Colonies were maintained at 2o'C, Sogo relative humidity, and t h: 13 h light:dark with a 2-hr moming and evening crepuscularfeatures. LCros median lethal concentration; LC"., 95Vo lethai concentration.
'  The NJ and TX colonies were in their F, and F,, laboratory generations, respectively, at the time of testing.3 The LCru and LCn, resistance ratios (RR50 and RRrr, respectively) were determined by dividing the Lc50 i"a f-c". values recorded
for the New Jersey strain by the comparable values recorded for the Texas strain of Cx. ialinanus.
ly coated over the inside surfaces of each vial. A
small cotton pad (ca. 0.75 cmr) soaked witt' lOTo
sucrose solution was placed in the bottom of each
vial as a carbohydrate source for the mosquitoes.
Female C. salinarius aspirated from one of the
laboratory colonies, were lightly anesthetized with
carbon dioxide and placed on a chill table (set at
ca.7'C) for counting. Five females were placed into
each treated and control vial included in a test set
for a given insecticide. Separate test sets were pre-
pared for each of the 2 mosquito colonies. The vials
of mosquitoes were plugged with cotton, placed in
the holding compartments of a scintillation vial car-
ton, covered with moist paper toweling, and held
at room temperature for 24 h.
Mosquito mortality occurring in each vial was
recorded at the end of the 24-h exposure period.
The resulting data were analyzed using the SAS
Table 2. Insecticide resistance ratios for adult females
of the colonized Texas strain of Culex salinarius vs. the
colonized, insecticide-susceptible UTMB strain of Culex
quinquefasciatus.
Insecticide RR5ol R&51
Probit Program (SAS 1985). The analyses corrected
for control mortalities and provided median lethal
concentration (LCro), 95Vo lethal concentration
(LCnr), and 95Vo conf,dence interval values in mi-
crograms of insecticide per vial. Slopes (indicators
of the degree of homogeneity in each population's
response to the insecticides tested) were also pro-
vided by this program.
Results of the bioassays involving the 2 colo-
nized strains of Cx. salinarius are summarized in
Table 1. At the LCro level of comparison, the Texas
strain of Cx. salinarius females tended to be slight-
ly more susceptible to each of the adulticides tested
than were the females of the New Jersey strain of
this species. This is indicated by the New Jersey
strain to Texas strain LCro resistance ratios (RRros)
ranging from a low of 1.77 for naled to a high of
9.22 for malathion (Thble l).
To gain further insight as to the meaning of these
results, the LCro and LCas values for the insecticides
tested against the Texas strain of Cx. salinarius
were comp.red, via the computation of additional
resistance ratios, to the values recorded for tests
conducted during the same time period on females
from the colony of the insecticide-susceptible
UTMB strain of Culex quinquefasciatus Say main-
tained at Texas A&M University. The results of
these comparisons are shown in Table 2 and indi-
cate the Texas Cx. salinarius strain was just as sus-
ceptible (e.g., to malathion) and in most cases,
more susceptible to the adulticides tested than was
the UTMB strain of Cx. quinquefasciatus. The Tex-
as strain of Cx. salinarirrs was thus deemed the best
colony to keep on hand as a reference base for fu-
ture efforts being planned for monitoring the status
Malathion
Naled
Chlorphyrifos' 
Resmethrin
Permethrin
r.o7
o.57
0.17
0.05
2.43
0.82
o.48
0.06
' The median lethal concentration (LCrn) md 95Va lethal concen-
tration (LCr.) resistance ratios (RRso and RRe., respectively) were
detemined by dividing the LC$ md LC* values recorded for the
Texas strain of Cx. salimius by the compmble values recorded
for the UTMB strain of Cx. quinquefasciatus.
' Chlorpyrifos was not tested against the UTMB strain of Cr-
quinquefasciqtus.
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of resistance in wild populations of this mosquito
species in Texas and elsewhere in the United States.
Based on the Texas A&M laboratory's experi-
ence in monitoring resistance levels in wild popu-
lations of Cx. quinquefasciatus using the UTMB
strain of this species as a reference base, resistance
ratio values that begin to approach a value of 10
indicate that the wild populations for which such
values are being recorded are beginning to develop
a tolerance to the particular pesticide in question.
Ratios exceeding 1O indicate that a signiflcant level
of insecticide resistance is present in the target pop-
ulation. If the same trend holds true for Cx. sali-
narius, the RRro value of 9.22 recorded for the New
Jersey strain of this species against malathion (Ta-
ble l) indicates that resistance to this particular
chemical is beginning to develop in the New Jersey
population of Cx. salinarius from which stock was
taken to start our laboratory colony.
Judy A. Hansen (Director of the Cape May
County Mosquito Control Commission, personal
communication) indicated that the particular Cx.
salinaius population from which our colonizing
stock came had been periodically treated with mal-
athion on an annual basis with aerial ULV appli-
cations of malathion for several years prior to our
investigation. The overall adulticiding strategy used
by the Cape May Mosquito Control Commission is
to interdict adult populations of Aedes sollicitans
(Walker) and sometimes those of Cx. salinarius as
they migrate enmass from their marshland devel-
opment sites upland and toward more human-pop-
ulated areas of the county. This exposure, although
limited in nature, may have been enough to cause
the elevated tolerances to malathion noted for the
New Jersey strain of Cx. salinarius used in our as-
sessments. If such is the case, it demonstrates how
careful mosquito control agencies must be in using
any class of insecticides in their programs to avoid
the development of resistance.
In this regard, the continuous use of only one
kind or class of insecticide over long periods of
time as a sole tactic for controlling a target mos-
quito population can put a great deal of insecticidal
pressure on the population. Eventually, if such a
strategy is continued, resistance to the insecticide
or to a whole class of insecticides can be selected
for in a manner as described by Frisbie et al.
(1987). Indeed, the continuous use of malathion
over a period of several years has caused increased
incidences of resistance in populations of such
mosquito species as Cx. quinquefasciatus (Bisset et
al. 1991) and. Aedes albopictus (Skuse) (Herbert
and Perkins 1973, World Health Organization
1986). Although no evidence of insecticide resis-
tance has yet to be reported in Cx. saliwriaq our
data indicate that such could happen in Cape May
County, NJ, if it were not for the fact that the mos-
quito control commission in this county is follow-
ing good insecticide resistance management (IRM)
practices by using malathion sparingly and alter-
nating classes of chemicals in its adulticiding pro-
gram when possible. Even with these IRM practices
in place, the tolerances of the Cape May County
adult Cx. salinarius populations appear to be ele-
vated for malathion and these tolerances need to be
regularly monitored as long as this agent is used in
the Cape May County mosquito adulticiding pro-
gram.
In contrast to the situation in New Jersey, the
Texas population of Cx. salinaius included in our
bioassay appears to be quite susceptible to all the
adulticides tested. This may be due in part to the
fact that the Texas strain of this species had been
in colony longer (11 generations) than the New Jer-
sey strain (2 generations) before it was tested
against insecticides, thereby giving more opportu-
nity for susceptibility to become reestablished in
the colony, as would occur in insecticide-free re-
fugia in nature (Frisbie et al. 1987). Also, the fact
that the stock used to establish the Texas strain col-
ony of Cx. salinarius came from a wildlife refuge
that had not been treated with any type of insecti-
cide for at least 15 years (Hoyt Henry, Director,
Chambers County Mosquito Control District, An-
ahuac, TX, personal communications) could ex-
plain why the Texas strain of this species proved
so susceptible to the adulticides tested.
The research described herein established base-
lines of susceptibility for select populations of C-r.
salinarius to commonly used adulticides and estab-
lished a colony of a susceptible strain of this spe-
cies for use in subsequent insecticide resistance
monitoring programs. Also, our research points out
the care that must be taken in using a given chem-
ical in a mosquito control program and the value
of maintaining insecticide-free refugia. Guarded
and strategic use of any given insecticide and mak-
ing provision for refugia where susceptible mem-
bers of a target insect population can continue to
survive and extend their susceptibility back into the
whole of the target insect population are essential
ingredients in any plan developed to proactively
m:rnage insecticide resistance in an insect popula-
tion (Frisbie et al. 1987). Mosquito populations are
no exception in this regard.
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